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outline

✦ appearance-potential spectroscopy

✦ spectrum for ferromagnetic Ni

✦ interpretation

✦ different theoretical approaches

✦ correlation effects ?

✦ conclusions
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basic theory

✦ Fermi’s golden rule

✦ sudden approximation

✦ intra-atomic transition
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“raw spectrum”: two-particle Green function
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transition-matrix elements:
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three steps of improvement compared to Lander’s model

➜ orbital degeneracy

➜ matrix elements

➜ correlation effects
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orbital degeneracy

Ertl et al. (1993)

Lander model: - - - - - -
self-convolution of total DOS

s-p-d model: ———–
weighted sum of self-convolutions

fit of matrix elements:��� ��� 0.75��� ��� 0.22��� ��� 1.0
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matrix elements

Figs. 2 and 3 were recorded using the L III transition. This
means that at energies higher than the displayed region the
corresponding L II spectra would follow, shifted by the spin-
orbit splitting of the 2p core levels. For the comparison with
the theoretical spectra, the experimental spectra have been
aligned with the zero of energy corresponding to an energy
of primary electrons of about 705 and 851 eV, respectively,
on an absolute scale.

Comparing the various spin-resolved theoretical and ex-
perimental spectra with one another, rather satisfying agree-
ment is found. This implies first of all that there are obvi-
ously no prominent correlation-induced features present in
the experimental spectra. For that reason it is indeed justified
to interpret the experimental APS spectra primarily as a mea-
sure for the cross-section-weighted self-convolution of the
DOS above the Fermi energy for the systems investigated
here. Because the energy-dependent radial matrix elements
given in Eq. ~18! vary quite smoothly with energy ~see be-
low!, the prominent features of the experimental APS spectra
can be directly linked to corresponding features of the DOS
curve. Accordingly, the pronounced peaks at the onset of the
Fe and Ni spectra can be ascribed directly to the high DOS
around EF for these elements together with the weighting
step function 12 f (E) in Eq. ~4!. In line with this interpre-
tation, the peaks at 8 and 6 eV in Figs. 2 and 3 have been
ascribed, very similarly to the interpretation of x-ray-
absorption spectra,26 to critical points in the Brillouin zone

that give rise to pronounced features in the DOS curves. In
the case of Fe, the peak at 8 eV has been connected to the N1
point,27 while the L7 point has been made responsible for the
peak at 6 eV in the Ni spectrum.28 While the bare DOS
curves allow us to understand the main features of the APS
spectra, they are not sufficient to explain finer details and in
particular the relative intensities of the spin-resolved spectra.
This has been demonstrated by Ertl et al.,9 who used the bare
spin- and angular-momentum-resolved DOS of Fe and Ni to
simulate their spin-resolved APS spectra ignoring any cross
sections. Only by introducing and fitting energy-independent
weighting parameters meant to represent the cross sections
could they achieve reasonable agreement with experiment.
This means that the cross sections, calculated here in a
parameter-free way, play a central role for the understanding
of the spin-resolved APS spectra. This point will be analyzed
in more detail in the following subsection.

B. Decomposition of the theoretical spectra

Calculation of integral and differential spin-resolved APS
spectra via Eqs. ~19! and ~25!, respectively, allows for an
obvious decomposition of these spectra into their spin- and
angular-momentum-resolved contributions. Corresponding
curves are given in Figs. 4 and 5 for the differential spectra
~only these will be discussed in the following because only
these are normally recorded in experiment!. As one would
expect from the DOS of Fe and Ni, the contributions involv-
ing only d states are by far dominating. For the same reason,

FIG. 2. Integral ~top! and differential ~bottom! spin-resolved
APS spectra for bcc Fe, calculated using Eqs. ~19! and ~25!. The
differential experimental L III spectra stem from Ertl et al. ~Ref. 9!.

FIG. 3. Same as for Fig. 2, but for fcc Ni.
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conclusions

✦ experiment:

– spin-resolved and temperature-dependent APS of Ni

✦ theory:

– orbital degeneracy
– transition-matrix elements
– correlation effects (perturbational)

➜ Lander model insufficient

➜ spin asymmetry controlled by matrix elements

➜ correlation-induced spectral weight transfer

➜ quantitative agreement with experiment
using different theories — error cancellations !?

? core-hole effects in the final state
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